Objective: Right ventricular disarticulation (RVD) is an accepted procedure in the treatment of ventricular tachycardia of right ventricular origin. We set out to review the long-term outcomes with RVD at our institution for patients with arrhythmogenic right ventricular dysplasia (ARVD) or refractory tachycardia. A renewed interest in this operation has come about in patients unable to tolerate implantable cardioverter defibrillators. Methods: Seventeen patients had RVD carried out between 1985 and 2003. There were 15 males and 2 females. The age range was 14-72 (median: 34). Six patients had partial RVD and 11 a complete RVD. ARVD was confirmed in 15 patients at histology. Biventricular pacing was used post-operatively in the two most recent patients. Results: The follow-up was complete in 94% (16/17). The median follow-up was 13 years (0-18). The overall hospital mortality was 6% (1/17). Over the follow-up period there were three deaths 9, 11 and 17 years post-surgery. Heart transplantation due to biventricular failure was required in two patients. In the group followed up for more than 10 years the over all event free survival at 10 years was 77% (3/13). Conclusions: In cases of refractory ventricular tachycardia, where multiple antiarrhythmic medication, repeated catheter ablation and ICD insertion are unsuccessful at symptom control, RVD is an excellent antiarrhythmic procedure. In the long term, signs of biventricular failure present, possibly, dependent on the natural history of ARVD. The long-term effect of biventricular pacing on the disarticulated right ventricle is yet to be defined. Q
Introduction
Right ventricular disarticulation (RVD) has been described previously as a curative procedure for patients with multifocal ventricular tachycardia arising diffusely from the right ventricular free wall [1] . A large proportion of these patients have arrhythmogenic right ventricular dysplasia (ARVD) a type of cardiomyopathy affecting predominantly the right ventricle and presenting with sudden death or refractory ventricular tachycardia. The short and medium term results of RVD have been described before by Cox et al. and our group [2, 3] . At our institution the first of these procedures was done in 1985. A further 16 patients have undergone either a partial or a complete right ventricular disarticulation since. In performing this review we set out to review the long-term results in this patient group and to define the consequences of this procedure in patients late after surgery.
Methods
A retrospective review was carried out of all patients who underwent right ventricular disarticulation between 1985 and 2003. Seventeen patients were identified and a notes review was carried out on all these patients. The current status of all living patients was determined from the case notes. Most patients were referred from out of the region and these patients were contacted directly on the telephone or the referring cardiologists were asked to send details from the last clinic review. The follow-up was complete in 16 patients. One patient was lost to cardiological follow-up alive and well, from the referring hospital 5 years after surgery and, due to multiple changes in address, could not be traced. The survival from surgery was represented using a Kaplan-Meier survival curve (Fig. 1 ).
Surgical details
Most patients had a complete disarticulation carried out as described initially by Guiraudon et al. in 1983 [1] . This involved a general anaesthetic and standard cardiopulmonary bypass using bicaval cannulation and returning blood to the ascending aorta. Once on bypass patients were kept normothermic and had an intraoperative electro-physiological study (EPS) to map the area of origin of the right ventricular tachycardia. Once the focus was mapped to the free wall a decision was made to disarticulate the right ventricular free wall. The disarticulation procedure was carried out after cross-clamping of the aorta and cardioplegic arrest of the heart. The incision was started 4-5 mm from the left anterior descending artery on the right ventricular side and the full thickness incision carried out along the course of the LAD down to the apex. The incision was then carried over the apex staying close to the vessels and carried on along the inferior surface of the heart parallel and adjacent to the posterior descending artery until the papillary muscles and chordae to the tricuspid valve limit further extension. The incision at the top of the RV near the LAD was then extended across the right ventricular outflow tract along the inferior aspect of the pulmonary valve to the interventricular septum. The papillary muscles arising from the RV free wall were then divided and the RV free wall is opened like a book. At this stage the only connection left between the RV free wall and the rest of the heart was the area under the tricuspid valve annulus. The two ends of the previous incision were joined together under the tricuspid annulus along the atrio-ventricular junction leaving the RV free wall attached only by epicardial fat and the right coronary artery and its ventricular branches. This dissection can be carried out with a knife to control the depth of the myocardial incision until the epicardial fat is visible. Once this dissection is carried out in the cross-clamp was removed and the heart reperfused. A further EPS was carried out and VT induced in the disarticulated RV free wall to demonstrate complete electrical isolation if no cross over to the rest of the heart was seen. In the early cases cryotherapy was used to ensure complete electrical dissociation along the atrioventricular 'hinge' area. In a further three cases an area on the septum noted to be a separate focus of VT was frozen with a cryotherapy probe at this stage. Non-absorbable 4-0 sutures were then used to reattach the disarticulated segment back together. Pledgetted sutures were used to reattach the papillary muscle head. Once the ventricular suture line was completed and haemostasis secured the patient was weaned from cardiopulmonary bypass with atrio-biventricular pacing if the RV free wall appeared to have contractility. In some patients with advanced ARVD there was little RV contraction and these patients do not benefit from RV pacing. Seven patients had a partial disarticulation. This was carried out if EPS appeared to identify a small localised area of RV free wall giving rise to the VT. The incision, in these cases, was limited to the acute margin of the RV and parallel to the PDA or LAD depending on the site of origin of the VT. The premise was that this would maintain RV function better while isolating the VT focus.
Post-operative recovery was dependent on the extent of RV failure. They require high right-sided filling pressures in the immediate post-operative period. As most of the patients with ARVD already have some degree of RV dysfunction pre-operatively and little free wall activity post-surgery most of the RV outflow is dependent on the movement of the septum in systole and diastole and right atrial activity. They behave like a Fontan circulation and are very sensitive to anything that might increase pulmonary resistance such as hypoxia and pleural effusions. All patients had a pre-discharge EPS to confirm electrical isolation of the RV free wall. The right ventricle was not captured with pacing despite high voltages in the early patients and hence permanent biventricular pacing was not attempted in the initial 15 patients. The two most recent patients, however, had residual function in the isolated RV and permanent pacing was used in an attempt at maintaining RV function.
Results
Between 1985 and 2003, 17 patients underwent a right ventricular disarticulation procedure. The age range was 14-72 with a median of 34 years. There were 15 males and 2 females in this group. All patients presented with more than three episodes of VT with the range being 3-9. Syncope was the presenting feature for 12 patients. Intractable VT was the presenting feature in three patients. A mean of 4 antiarrhythmic drugs (range 3-8) had been tried in all the patients. All patients had been treated with antiarrhythmic drugs, which had failed to control the symptoms. An angiogram was done in 12 patients and 14 patients had an echocardiogram to look at the morphology of the RV and LV. None of the patients had significant coronary artery disease.
The diagnosis of ARVD was made by the ECG findings, the abnormality of the RV and the history of recurrent VT. A CT scan was done in two patients and the diagnosis of ARVD was confirmed. Histology at the time of surgery confirmed the diagnosis in 15. A family history was noted in only three patients. As all these patients were referred from other units there was no record of screening of the rest of the family available.
Seventeen patients underwent surgical disarticulation of the RV. One patient died in the post-operative period with complications related to heart failure (6% mortality). A partial disarticulation was done in seven patients while a complete RV disarticulation was carried out in the 10 remaining patients. Three patients also had additional cryotherapy lesions to the septum following intra-operative EPS mapping which was used in all patients. The post-operative complications occurred in 11 patients (64%). Reoperation for bleeding in four (23%). A tracheostomy was required in two (11%) patients to facilitate their weaning off the ventilator. Renal failure was seen in three patients, which was transient in two. In one patient with preoperative liver derangement this deteriorated in the postoperative period. All patients showed signs of transient right heart failure in the immediate post-operative period that improved with time. The mean post-operative hospital stay was 17.6 days with a range 9-32 days. All patients had EPS before discharge and two patients had a pacemaker inserted prior to discharge. This added to the post-operative stay. Eight patients (47%) were discharged with no antiarrhythmic medication. The most common drug at discharge was Digoxin in six patients. Three patients were discharged on diuretics. Warfarin was used for anticoagulation in four patients due to the experience with one patient developing a pulmonary embolism after the surgical procedure.
In the post-operative period four patients (23%) developed a further episode of VT. In the group of patients having a partial disarticulation VT episodes were seen in 3 out of 7 patients (42%). One patient with a complete disarticulation presented post-operatively with VT (12%). This patient was noted to have a focus for the VT at the rim of RV at the apex. This procedure was the first done by one of the surgeons and a large rim of RV was left connected to the septum to facilitate suturing at the end and this area needed catheter ablation post-surgery. Another patient with complete disarticulation developed one episode of non-sustained VT that was not inducible on EP studies and did not recur after. In the follow-up period 10 patients have developed supraventricular tachycardia and are presently on beta-blocker therapy.
On comparing the patients having partial disarticulation with complete, there was no difference in length of hospital stay post-surgery with the median post-operative stay being 17 days in the seven patients with partial disarticulation while it was 16.5 days in the eight patients that survived complete disarticulation. There were the same number of events (transplantation or death) in both groups (28%) and at last follow-up one patient in each group was on the active transplant waiting list.
We did not have echocardiography details on all patients but the six patients followed up at our institution showed grossly dilated right ventricles with no contraction in the free wall. The right ventricular dilatation appeared to be progressive, with concomitant dilation of the right atrium. The tricuspid valve is widely patent with no coaptation of the leaflet edges. Interestingly, there is no tricuspid regurgitation as the lack of ventricular contraction prevents any active flow in either direction across the open valve. Blood flow patterns from the right atrium to the pulmonary artery is in the form of whorls with the ventricle acting as a passive conduit.
The median follow-up period for this group was 13 years with a range of 0-18 years. At review three patients had died 9, 11 and 17 years post-surgery. A further two patients had undergone successful heart transplantation at our unit for heart failure 3 and 8 years after surgery. Of the 10 patients alive at last review, five patients were doing well and were in NYHA class II or less. Two patients was in NYHA class III and three patients were in NYHA class IV. Of these three patients two were on active heart transplant waiting lists 3 and 14 years after the disarticulation procedure. On looking at the group of 13 patients who had been followed up for a period of 10 years the overall event free survival (transplantation or death) was 77% (3/13). The overall survival of the whole group has been represented in Fig. 1 , using a Kaplan-Meier survival graph.
Discussion
In ARVD patients the possibility of sudden death is the most worrying aspect to patients and clinicians treating them. This case series documents among the longest followup published for patients with ARVD. The median follow-up is more than 12 years. It is promising to note that there were no cases of sudden death in this group post-surgery. The use of ICD devices has certainly reduced the perceived risk [4] . In a review of ARVD patients with ICD implantation there was still a risk of sudden death [5] probably due to disease involvement around the area of lead placement. A recent large review of ARVD patients with ICD [6] implantation as primary therapy the device appeared to be well tolerated in the majority of patients with few complications over the mean follow-up period of 3.5 years. We would hope that our cohort of patients will provide a standard for long-term outcome against which newer therapies can be judged in the prevention of sudden death in ARVD.
ARVD affects young individuals and most will require longterm treatment with antiarrhythmic drugs. Despite ICD devices most patients get more than one antiarrhythmic drug following device discharges [7] . In our patients postsurgery it was noted that a partial disarticulation was not as good an antiarrhythmic procedure as the complete disarticulation [8] . The haemodynamic deterioration appeared to be similar over time with both procedures. Since that time our practise, has been to offer complete disarticulation. Only one patient required antiarrhythmic drugs after a complete disarticulation. This was felt to be due to a slightly larger rim of right ventricle left connected to the septum to suture the myocardium back onto after the procedure. Catheter ablation of the apex was successful in achieving control of the VT.
Heart failure has been the most disappointing aspect of this procedure. The need for transplantation in two patients and a further two patients being on the active transplant list may demonstrate an inevitable progression to this outcome in post-surgical patients. It was interesting to note that some of these patients though in right heart failure managed to maintain an acceptable quality of life. In cases of impairment of left ventricular function transplantation was clearly the only choice. It is uncertain whether the progression to heart failure was purely related to the surgical disarticulation of the right ventricle or whether progression of the natural disease also played a part. A review of ARVD patients over an average of 8 years showed a 20% mortality due to heart failure [8] . Another review of 50 ARVD patients treated with catheter ablation showed a 24% mortality over a mean follow-up of 5.8 years [9] . There is increasing evidence that this disease is not limited to the right ventricle and some involvement of the left ventricle does occur [10, 11] . In our group of patients some tolerate right ventricular failure better and for longer than others. We believe, that the patients who tolerate right ventricular disarticulation well in the long term may be those in whom the left ventricle is unaffected by the disease process. In two of our patients heart transplantation was required relatively early after surgery. These patients may have had disease progression to involve the left side. Unfortunately, as this is a retrospective study we did not have the required details to look into these hypotheses in more detail. The two patients who underwent heart transplantation had a good outcome and are alive and well and the previous procedure did not appear to influence outcome in the pre-or post-transplant period. Two patients have been listed on the transplant list for deteriorating left ventricular function. Ventricular arrhythmias have not been a contributing factor in either case.
The impact of ICD electrical storms on the quality of life of patients has not been well documented in the literature. In young patients this event can be very disabling and some patients require anti-psychotic drugs to control their anxiety particularly if electrical storms have followed exertion. Two of the patients referred to us most recently were completely psychologically disabled due to previous exercise related episodes. During electrophysiological studies (EPS) a diffuse origin of the arrhythmia from the right ventricular free wall was noted. This was induced despite drug therapy and was not amenable to catheter RFA. Both these patients got a good result from surgical disarticulation. We believe this may be an indication for surgical treatment of these arrhythmias, although the unpredictability of such storms and the possibility of prolonged remissions [7] between events might make this conclusion controversial. Cognitive behavioural therapy may be useful in helping these unfortunate patients cope with the fear of another episode. In our two patients both these suggestions were met with noncompliance and surgery was undertaken with the long-term possibility of heart transplantation fully discussed with the patients. They both were very keen to prevent the possibility of any further internal cardioversions and following surgery this has been achieved satisfactorily.
Biventricular pacing has been suggested by Damiano et al. [12] as a means of maintaining right ventricular transport despite disarticulation. It initially was noted to improve cardiac output by Jones et al. in 1984 [13] . Early attempts by our group at attempting biventricular pacing were unsuccessful due to an inability to capture the RV free wall despite high pacing voltages. We presumed that this was related partly to the already abnormal myocardium in the RV in most of those patients and possibly in part due to ischaemia induced in the free wall during surgery. We have been successful in biventricular pacing in our two most recent patients but as the follow-up period was inside a year we will need to wait to see if pacing slows the progression to right heart failure after disarticulation. A case report of established right heart failure after surgical disarticulation improving with biventricular pacing holds promise [14] . Over time the disarticulated segment may undergo fibrous changes, which will reduce the potential benefits of pacing. We hope to compare the progress of this small subgroup of patients against our larger group to see if there is any longterm advantage.
We choose to routinely anticoagulate all our patients post-disarticulation due to the risk of thrombus formation within a non-contractile right ventricle. Due to the extensive nature of the dissection and the raw area left behind after cryotherapy we anticoagulate patients for the first few months. We use Warfarin for anticoagulation. It may not be necessary in the longer term if biventricular pacing is found to maintain some ventricular contractility.
Supra-ventricular tachyarrhythmias are a common finding in patients some years after disarticulation surgery. We believe this is related to the progressive dilatation of the right atrium over time. It appears to be well controlled with beta-blocker therapy in most patients. There is a suggestion that ARVD may predispose patients to atrial arrhythmias and that this may be part of the natural history of the disease process [15] . Again both natural history and surgery probably contribute to this regular finding in our patient group.
This study suffers from being a small retrospective case series. Most of the patients were referred to us from other units in recurrent VT with failure of medical management. Their follow-up was then carried out mainly at the referring unit and we were only made aware of the regular yearly follow-up clinic episodes. We did not have a registry of all ARVD patients referred to our institution over this time period. We are aware of a group of patients that have been treated by RFA and AICD insertion during this period. We hope to look at this group, in the future, to compare longterm outcomes with our surgical patients.
Conclusion
We present these findings so that as the large registry of ARVD patients set up by Corrado et al. [16] accumulate details of the progression of this disease and the long-term survival achieved in this group of patients with or without AICD implantation, we will have more of an idea, of the true role of surgery in ARVD. The success of the procedure as an anti-arrhythmic one was offset by the gradual haemodynamic deterioration noted in nearly all patients. We also hope to compare the more recent subset of patients with biventricular pacing and watch their RV function over the coming years to look for a positive impact in maintaining contractility with time.
ARVD patients pose a difficult challenge to physicians who undertake their management, we hope this study adds to the literature available and with time will help establish the precise role of this procedure as an alternative strategy available in selected patients who may be unable to tolerate long-term antiarrhythmic therapy and an AICD.
